INTRODUCTION
In two previous papers ) the macrofauna and meiofauna of a sublittoral sandbank in the Belgian coastal waters of the North Sea were described. This sandbank, the K winte Bank, is one ofa series ofparallel linear banks, the Flemish Banks, which are 15-25 km long and 3-6 km wide and rise about 25 m above the surrounding sea-floor. They are stressed, high-energy environments, subject to extreme physical disturbance by the very strong tidal currents which run parallel to the long axis of the sandbank and which put the whole upper layer of the sediment in a state of suspension at times.
Due to the decreasing velocity of the tidal currents, a gradient in gravel content and median grain size of the sand fraction exists, from coarser sediments in the north-east to finer sediments in the south-west. Median grain size is a dominant factor in determining species distributions of both macro-and meiofauna, as has been demonstrated by many authors: e.g. Jones (1950) for the macrofauna; Soyer (1970) and Moore (1979a) for copepods; Ward (1973) and Tietjen (1977) for nematodes; Guille & Soyer (1968) and Govaere et at. (1980) for both macro-and meiofauna. These and many other authors described species assemblages characteristic for distinct sediment types. However, in all these cases the sediments were discontinuous, whereas in the case of the Kwinte Bank a much finer gradient of only one sediment type (sand) exists.
MATERIALS AND METHODS
A description of the study area and methods used in grain-size and chemical analysis of the sediments is given in Vanosmael et al. (1982) . As the data concern only one sampling date (5 * Authors' postal address: Instituut voor Dierkunde, Ledeganckstraat 35, B-9000 Ghent, Belgium.
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September 1978) it was decided to compare them only internally. For this purpose simple nonparametrical tests were used, which are described in all standard textbooks (e.g. Siegel, 1956 ).
First it was tested whether the parameter had a clumped distribution or not, i.e. whether high or low values tend to co-occur. This was done using the one-sample run test. Then it was investigated whether a linear trend exists, as the ten stations are linearly arranged along the long axis of the sand bank. This was done by testing the correlation between the value of the parameter and the series of natural numbers 1 to 10. Differences between the north-eastern side and the south,;. western side were tested with Wilcoxon's U-test, which was also used to test whether differences existed between clusters established on densities of individual species. Finally the correlation with median grain size of the sand fraction was calculated. All correlations are based on calculation of Spearman's rank correlation coefficient.
RESULTS
The results of the statistical analysis for several parameters are given in Table 1 . The median grain size of the sand fraction shows a linear trend and decreases from north to south, which is also the case for the gravel content of the sediment; however, there is no such gradient in the mud content, which remains low throughout.
Total macrofauna density follows this trend and is correlated with median grain size as well. These tendencies are repeated by most macrofaunal groups and are completely absent only in the Echinodermata, which however are clumped as are all macrofauna groups. However, in the Crustacea the trend is opposite to that of the other groups and they tend to be more numerous in the finer sediments in the south. The trend in macrofauna density is repeated by many individual species. As shown in Table 2 , half the species obeying the arbitrary criterion x > 0·3 per station and! > 2 stations show linear trends. and nearly 70 % are clumped. Of the five dominant macrofauna species (Table 3) , three are correlated with median grain size and show linear density trends. Both diversity H' and the number of species S are correlated with median grain size, but in an opposite way (Table 1) . Whereas the number of species increases in coarser sediments, diversity decreases. This is due to the increasing importance of the dominant species Hesionura augeneri towards the north.
The observed trends in the macrofauna are, of course, repeated largely by the polychaetes. However, relatively less polychaetes show linear trends, and correlations with median grain size are also rarer than in macrofauna in general. Positive correlations were found for Hesionura augeneri, Goniadella bobretzkii and Macrochaeta helgolandica among the polychaetes, Protodrilus sp. among the archiannelids and Mytilus edulis and Spisula spp. among the molluscs; negative correlations were found for Abra alba among the molluscs and Tanaissus lilljeborgi and Bathyporeia elegans among the crustaceans.
The response of the meiofauna to sediment gradients is different from that of the macrofauna. Total meiofauna density shows no trend and no correlation with median grain size, though there is a difference between north and south ( Table 1 ). The two dominant groups, nematodes and copepods, show no clumping, no trend, no correlation or difference between north and south, but there is some difference for minor groups; Ostracoda and Halacarida are more numerous in the coarser sediments in the north, Hydrozoa tend to·be more numerous in the south. However, whereas density of nematodes and copepods seem not be influenced by sediment composition, this does not hold for diversity of the copepods, where both Hand S are correlated with median grain size and increase towards the north. For nematodes, there exists no such difference.
Ofthe nematode species obeying the criterion x > 0·3'/ > 4 nearly 40 %are clumped but close to 20 % only show some indication of density dependence on sediment composition (Table 2) . Ofthe five dominant species however, two show linear trends and two are correlated with median grain size ( When the influence of sediment composition is evaluated at a higher taxonomic level (Table 4) , it becomes apparent that no such influence exists except for two harpacticoid families: Diosaccidae and Ameiridae are more numerous in the finer sediments to the south of the Kwinte Bank.
Instead of density the number of species in a given station can also indicate the influence of sediment composition. For the larger groups of the macro-and meiofauna the mean number of species per station in coarse and fine sediments, and the mean number ofstations that a given species occurs are given in Table 5 . There is no difference in the number of nematode species in fine and coarse sediments, but in both the macrofauna and the copepods, coarser sands house a larger number of species, except for the macro-Crustacea, as already mentioned. On the family level all families of Copepoda are better represented in the coarser sediments except the Tachidiidae, whereas the difference is probably insignificant for the Cylindropsillidae. For the nematodes coarser sands house more Desmoscolecida whereas finer sands house more Monhysterida. The difference is probably insignificant for the other families.
DISCUSSION
The number of species inhabiting a soft substrate is considered to depend on median grain size of the sand fraction, sorting efficiency and the silt content of the sediment (Wieser, 1959; Warwick & Buchanan, 1970; Heip & Decraemer, 1974; Moore, 1979a) . With increasing median grain size the interstitial space becomes larger and more varied. The silt content determines whether the interstitial spaces will be clogged or not and an increasing silt content also indicates a higher food supply to the sediments.
On the Kwinte Bank the silt content is generally very low and may be discarded as a factor influencing the observed differences within the bank. When comparing the bank with the surrounding areas of the sea floor as described by Govaere et al. (1980) , it appears that the low input of organic matter is reflected in the general composition of the fauna, where small species predominate and copepods are relatively more important. Although the copepod-nematode ratio, recently proposed as an indicator of environmental 'health' (Raffaelli & Mason, 1981) is not significantly correlated with median grain size (R = -0'358), the sign of the correlation indicates that relatively higher copepod numbers are found in the coarser sediments in the north.
All stations on the Kwinte Bank have sediments with a median grain size above 200 p,m, a critical limit above which interstititiallife can develop (Wieser, 1959; Fenchel, 1978) . The median of 300 p,m seems to be another distributional barrier for benthic taxa. Interstitial polychaetes become very abundant above this grain size, although they occur in finer sediments as well. There are also changes in the copepod taxocene of the Kwinte Bank: in the finer sediments most copepods are species of Cylindropsillidae and Paramesochridae. They are the smallest harpacticoids. In coarser sands, above 300 p,m, the interstitial fauna is extended with representatives of the Ameiridae; Ectinosomatidae and Diosaccidae. In gravels the much larger Tetragonicipitidae become abundant (Bodiou & Soyer, 1973) . In nematodes also a number of highly specialized species are present in coarse sands and gravels: the Epsilonematidae and Dracon.ematoidea, which are not burrowers and show a very special way of locomotion (' leech·-1ike '), contrasting with nearly all the other nematodes, which are gliders.
The addition of specialized species in coarser sediments is reflected in the fact that most benthic taxa have a higher species richness in these sediments. Only in the nematodes is there no difference in species numbers according to sediment type. This indicates the high degree of specialization within this taxon and correlates with their high diversity in all stations. It contrasts with earlier findings in which correlations between high nematode diversity and median grain size were found (Warwick & Buchanan, 1970; Heip & Decraemer, 1974; Ward, 1975) , but these studies covered a much broader range of sediment types including muds, where nematode diversity is generally lower than in sands.
The only macrobenthic group which is in general more abundant in finer sediments are the macro-Crustacea. This may be due to the increasing stability of sediments in the southern parts of the Kwintebank where the tidal currents become less strong.
The number of species found in a given station is higher in the meio-than in the macrofauna. That macrofauna is in general less specialized than meiofauna depends probably on the scale of environmental heterogeneity experienced by the individual organism. It is also shown by the fact that the number of stations in which a given species is found is higher in macrofauna (3'4) than in meiofauna (2·6 for both nematodes and copepods).
Nevertheless, a general influence of the substrate on the composition of the benthic community is also present and is reflected in the similarities of the dendrograms based on presence-absence data Willems et al. 1982) . They are nearly identical for the three groups but only the nematodes show three clusters instead of two. This influence of substrate has been studied by (among others) Jones (1950) for the macrofauna, Soyer (1970) and Moore (1979a, b) for copepods and Wieser (1959), Warwick (1971) , Ward (1973) and Tietjen (1980) for nematodes. A correspondence between macro-and meiofaunal communities has been observed by Guille & Soyer (1974) , Juario (1975) , Moore (1979a) and Govaere et al. (1980) . In general, macro-and meiofauna make up a single system of benthic communities (Moore, 1979a) and their distinction is purely a matter of methodological convenience. Only the smaller the individuals become, the larger their specialization and variability.
Most previous studies have examined the influence of large differences in sediment type on the composition of benthic communities. The Kwinte Bank is a unique system in its gradual changes from north to south. Whereas distinct communities have been distinguished in coarse sands, fine sands, muddy sands and muds by the cited authors working in the North Sea, the Irish Sea and the Meditteranean, differences within a single subtidal sediment system have not been studied yet. All the sand stations studied by Moore (1979 a) clustered together when their loadings on the first and second principal component of a P.C.A. were considered. In the Kwintebank there exists a very strong correlation between community characteristics such as density and diversity and sediment characteristics such as median grain size in many cases, a correlation so strong that it can be detected in a statistically significant value of a very unsophisticated parameter such as Spearman's rank correlation coefficient. This is unusual in ecological data. The linear north-south gradient in sedimentological characteristics, related to the hydrodynamical regime over very large areas with a scale of tens of kilometres, is reflected in a similar linearity in community parameters over the same spatial scale, an interesting fact when observing that species interactions and small-scale patterns have been observed over scales covering only centimetres (e.g. Heip & Engels, 1977 for copepods and Brenning 1973 for nematodes).
On the community level, the resemblance between the composition ofthe fauna on the Kwinte Bank and that of the open sea zone described by Govaere et al. (1980) is striking for both the macro-and the copepods among the meiofauna. There exists also a strong resemblance with the fauna of open beaches, as far as the copepods and nematodes are concerned . A number of species appears to be widely adapted to sediments within a range of particle sizes, and only a fraction of those is eliminated in 19 more stressed environments. This would explain the diversity gradients existing from low diversities on beaches, intermediate diversities on the sandbank and high diversities in the open sea zone. One has to consider that this resemblance occurs in organisms that have no pelagic life stage and where dispersal must be slow. Ifthe open sea sediments are the source of new colonization, this diversity gradient could be explained by classical biogeographic theory by the distance between source and island (McArthur & Wilson, 1967) .
